We have examined the protective effect of Sargassum polycystum (Phaeophyceae) alcoholic extract against a single dose of acetaminophen (intraperitoneally, 800 mg/kg body wt in saline solution) induced hepatic oxidative stress in experimental rats. The levels of serum glutamate oxaloacetate transaminase, pyruvate transaminase, lactate dehydrogenase, alkaline phosphatase, bilirubin, creatinine and blood urea were determined. The activities of glutathione, vitamins (C & E) and the levels of lipid peroxides in the liver homogenate were also determined. The acetaminophen induction resulted a significant elevation in the levels of serum marker enzymes, bilirubin, and creatinine with decreased blood urea. The activities of hepatic glutathione and vitamins (C & E) were also significantly depleted with increased lipid peroxides in acetaminophen intoxicated rats. The oral pre-treatment with alcoholic extract of Sargassum polycystum (200 mg/kg body wt/day for a period of 15 days) showed hepatoprotective nature against acetaminophen induced biochemical changes in the serum and liver tissue. The animals pre-treated with Sargassum polycystum extract alone, did not show any toxicity in the liver tissue, which was confirmed by histopathological studies. These results suggest that the Sargassum polycystum alcoholic extract may probably acted as a natural antioxidant against acetaminophen induced hepatic oxidative stress.
events suggesting that deleterious oxidative changes are involved. Toxic dose of acetaminophen will deplete the levels of hepatic reduced glutathione (GSH) followed by covalent binding of the reactive metabolite N-acetly-p-benzoquinoneimine (NAPQI) formed during the biotransformation reaction by microsomal cytochrome P450 mixed function oxidase to tissue proteins. When GSH levels are low the reactive metabolite fails to be detoxified by conjugation, which ultimately leads to the accumulation of NAPQI, play a major role in hepatic oxidative stress. The involvement of reactive oxygen species (ROS) in acetaminophen hepatotoxicity has also been reported. [10] [11] [12] As sporadic status exist with regard to hepatoprotective nature of brown algae in animal model, we have attempted this study to assess the hepatoprotective nature of Sargassum polycystum alcoholic extract against acetaminophen induced hepatic oxidative stress in rats.
INTRODUCTION
As a consequence of an increasing demand for the biodiversity in screening programs, seeking therapeutic drugs from natural products there is now a greater interest in the marine organism especially marine algae. 1, 2) The nutritional value of marine algae has long been recognized in the orient than in western world with limited use as a dietary part. 3, 4) Seaweeds are low in fats but contain vitamins and bioactive compounds like terpenoids and sulphated polysaccharides a potential natural antioxidant, which are not found in land plants. 5) Reports show that the Sargassum sp. are found to have the highest free radical scavenging property. 6, 7) Large doses of acetaminophen will cause acute dose dependent centrilobular hepatic necrosis in rats, mice, and man. 8, 9) Acetaminophen toxicity in hepatocyte initiates a sequence of events that eventually leads to cell death. Antioxidants can inhibit these *To whom correspondence should be addressed: Department of Biochemistry and Molecular Biology, University of Madras, Guindy Campus, Chennai 600 025, India. Tel.: +91-244235-1269; Fax: +91-244235-2494; E-mail: devakit@yahoo.co.uk
MATERIALS AND METHODS
Animals ---Male Wistar strain albino rats, weighing about 120-150 g were obtained from the Fredrick institute for plant protection and toxicology, Padappai, Chennai, India. The animals were fed with a commercial pelleted diet (M/s Hindustan Foods Ltd, Bangalore, India) and water ad libitum. Seaweed Collection ---The seaweed Sargassum polycystum was collected from Mandapam, Gulf of Mannar region, Rameswaram India. The species identification was done by Prof. V. Krishnamurthy (Krishnamurthy institute of algology, Chennai, India). The seaweed sample was washed in seawater and fresh water thoroughly to remove the epiphytes and other contamination. Then the sample was air dried in shade and coarsely powdered. The powdered material was then extracted with alcohol in cold for a period of one week with occasional shaking. The crude syrup extract obtained was then concentrated and lyophilized to a brownish residue at 45°C under reduced pressure using rotary evaporator (Yield: 12-15%). The phytochemical analysis was carried out with raw seaweed powder and alcoholic extract.
13)
Experimental Protocol ---The experimental animals were divided into four groups, each group comprising six animals.
Group I: Normal control rats. Group II: Acetaminophen (800 mg/kg body wt intraperitoneally) in saline solution in a boiling waterbath and used after cooling at 37°C.
Group III: Orally Pre-treated with seaweed extract (200 mg/kg body wt daily for a period of 15 days) prior to acetaminophen induction (800 mg/ kg body wt intraperitoneally).
Group IV: Orally Pre-treated with seaweed extract alone (200 mg/kg body wt daily for a period of 15 days).
At the end of the experimental period the animals were fasted overnight and then sacrificed by cervical decapitation. Blood was collected without any anti-coagulant for serum separation. Liver was excised immediately and washed in ice-cold saline. A portion was homogenized in 0.1 M Tris-HCl buffer. pH 7.4 at 4°C in a potter-Elvejhem homogenizer using Teflon pestle at 600 rpm for 3 min. The levels of serum glutamate oxaloacetate transaminase. 14) pyruvate transaminase, lactate dehydrogenase. 15) alkaline phosphatase. 16) bilirubin. 17) creatinine 18) and blood urea 19) were determined. Liver homogenate was used for assaying the activities of glutathione. 20) vitamins (C & E) and lipid peroxides.
21-23)
Student's t-test was used to assess statistical difference. Results are expressed as mean ± S.D.
RESULTS
As shown in the Table 1 , group II rats treated with single dose of acetaminophen developed severe hepatic damage as compared to the group I con- trols. This was evidenced by a marked elevation in the levels of hepatic markers, bilirubin, creatinine, with lowered blood urea levels. The activities of glutathione and vitamins (C & E) were also depleted with increased levels of lipid peroxides in liver tissue. The pre-treated group III rats showed a significant improvement in the levels of all severely altered biochemical parameters when compared with acetaminophen intoxicated group II experimental animals. The histopathological studies (Fig. 1 ) of rat liver tissue shows the normal control, Sargassum polycystum control, acetaminophen intoxicated and Sargassum polycystum pretreated prior to acetaminophen intoxication.
DISCUSSION
The animals treated with acetaminophen resulted a significant hepatic damage as elicited by the elevated levels of hepatospecific serum markers [serum glutamate oxaloacetate transaminase (SGOT), serum glutamate pyruvate transaminase (SGPT), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP)]. These changes in the marker levels will reflect in hepatic structural integrity. The markers are cytoplasmic in origin and released into the circulation after cellular damage. 24, 25) The rise in the SGOT is usually accompanied by an elevation in the levels of SGPT, which play a vital role in the conversion of amino acids to keto acids. 26) The pretreatment with alcoholic extract of Sargassum polycystum attenuated the elevated levels of serum markers. The normalization of serum markers by seaweed extract suggests that they are being able to condition the hepatocytes so as to protect the membrane integrity against acetaminophen induced leakage of marker enzymes into the circulation. The elevation in the levels of creatinine and bilirubin has been reported in acetaminophen induced hepatotoxicity. 27, 28) Bilirubin, an endogenous organic anion binds reversibly to albumin and it is transported to the liver, and then conjugated with glucuronic acid and excreted in the bile. Hepatobiliary disease is indicated when conjugated fraction of total bilirubin exceeds the upper limit of normal, even if the total serum bilirubin is normal or near normal.
29) The normalization of blood urea, bilirubin and creatinine in seaweed extract pre-treated rats further indicates the protective nature of seaweed extract on hepatic cells when compared with acetaminophen intoxicated rats.
Acetaminophen on over dose will elevate the malondialdehyde (MDA) a product of lipid peroxidation. Therefore an increase in the liver MDA levels indicates an increase in the degree of lipid peroxidation, a well known mechanism of liver damage. 30) In addition, the extensive lipid peroxidation results in membrane disorganization by peroxidizing the highly unsaturated fatty acids, which in turn alters the ratio of polyunsaturated to other fatty acids leading to a decrease in the membrane fluidity, which may be sufficient to cause cell death. 31) A significant decrease in the levels of lipid peroxides in seaweed pre-treated rats suggests that the extract may have the ability to protect the liver from free radical injury induced by acetaminophen.
The hepatotoxic doses of acetaminophen will deplete the normal levels of hepatic glutathione, when NAPQI covalently binds to cysteine groups on proteins as 3-(cystein-S-yl)acetaminophen adducts.
32) The glutathione protects hepatocytes by combining with the reactive metabolite of paracetamol thus preventing their covalent binding to liver proteins. 33) The seaweed extract pre-treated rats may limit the depletion of GSH and the severity of the oxidative stress by preventing the protein adduct formation, thereby protecting liver proteins.
The levels of vitamins (C & E) were significantly depleted in acetaminophen intoxicated rats. This depletion may be due to the excessive utilization of non-enzymic antioxidants (C & E) involved in quenching the enormous free radicals produced during acetaminophen intoxication.
34) The seaweed pretreated rats showed an improvement in the levels of vitamins. The levels of GSH also found to have some positive relation with vitamins (C & E) i.e. GSH may maintain the vitamin E levels either by direct reduction of α-tocopheroxyl radical to vitamin E or via the reductive action of vitamin C. Thus an improvement in the levels of vitamin E against oxidative stress induced by acetaminophen may therefore be a secondary event to the improved hepatic glutathione and ascorbate redox state. 35) The present study thus shows that the hepatoprotective nature of Sargassum polycystum alcoholic extract against acetaminophen induced hepatic oxidative stress may be due to the presence of sulphated compounds, which are found to have free radical scavenging property. 36) 
